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) Abstract

! Results of a wind tunnel investigation are
‘presented. The inlet was modified so that airflow
can be removed through a porous cowl-bleed region
in the vicinity of t:e throat. Bleed plenum exit
flow area is controlled by relief type mechanical
valves. Unlike valves in previous systems, these
‘are made for use in a high Mach flight environment
and include refinements so that the system could be
tested on a NASA YF=12 aircraft. The valves were
designed to provide their own reference pressure;
hence, do not respond to slowly varying disturb-
ances. hkowever, the results show that the system
can sbsorb internal-airflow-transients that are too
fast for a conventional bypass door control system
anc that the two systems complement each other
quite well. Increased tolerance to angle of attack
and Mach number changes is indicated. The valves
‘ghould provide sufficient time for the inlet con-
trol system to make geometry changes required to
keep the inlet started.

! Introduction
Efficient performance with minimum cowl drag
at cruise Mach numbers of about 2.0 and above, re-
quires the use of a mixed-compression inlet. The
performance of a conventional mixad~-compression in-
let is best when the terminal shcck is just dowa-
stream of the inlet throat. Unfortunately at this
operating condition the iniet is wmost vulnerable to
an undesirable characteristic known as unstart.
Perturbations in flow either upstream or downstream
of the terminal shock could cause the shock to move
shead of the throat. The shock is unstable there
and is abruptly expelled forward of the cowl lip
(inlet unstart). The unstart is accompanied by a
sharp reduction in inlet mass-flow and total pres-
sure recovery, increased distortion at the com-
pressor face, and increased drag. This may result
in large rolling and yawing moments on the air-
craft. 1In addition, the unstart may have serious
effects on the engine such as compressor stall and
combustor flameout. The shock could be moved back
to a leas efficient operating point as a gsafeguard.
However, efficient operation is imperative, especi-~
ally for a commercial aircraft, and becomes more
important as cruise Mach number increases. There~
fore, it is necessary for the inlet to have a sta-
bility margin - the capability to absorbd disturb-
ances without unstarting, while operating near peak
performance. Typically, this is accomplished by
providing a fixed-exit bleed system in the throat
region. This allows additional airflow to be
dpilled as the terminal shock moves upstream
towar! unstart. However, the fixed exit must be
small to avoid large bleed airflows when the ter-
ninal shock is supercritical. Obviously, this
1imits the size of the disturbance that can be tol-
erated. In addition, inlets are generally provided
with control systams which vary inlet geometry.
But these are usually slow. To lmprove tiveir re~
sponae would increase comalexity.

*® -
..Agrospace Engineer, membér AILAA.

One means of providing a greater stability

'mnrgin for fast disturbances is to make the throat

bleed function as a throat bypass by regulating the
bleed plenum exit area. Such a system, using me~
chanical valves to maintaig a constant bleed ple-
num pressure, was patented™ by Sanders and Mitchell
of the Lewis Research Center. A technique using
vortex valves to increase stability margin was re-
ported by Moorehead.2 Several systems using either
self-acting mechanical valves, vortex valves, or
variable choked exits to control bleed plenum pres-
sure were investigated in a wind tuanel and briefly
summarized.” More detailed reports*»s were pub-
lished later. Those systems were used to demon-
strate the throat-bypass EBncept in a wind tunnel
model. The mechanical valves were not designed to
fit within the cowling of a flight weight inlet or
to withstand the temperatures encountered in high
Mach number flight. Also the valves required an
externally supplied and manually regulated refer-
ence pressure which would not be practical in a
flight application. Wind tunnel tests were re-
stricted to the inlet design Mach number and were
mainly concerned with internal airflow disturb-
ances.

In a continuing effort to evaluate throat-
bypass systems it was decided to design one that
could be flown on a NASA YF-12 aircraft. A feasi-
bility study® was conducted by the Lockheed Air-
craft Corporation. Candidate valves for bleed
plenum exit erea control were vortex valves, slide
valves, and poppet valves. It was estimated that
the mechanical valves would provide greater bleed
flow capability. The relief-type poppet valve was
selected for the final design because of its faster
response characteristics. Two important conclu~-
sions of the Lockheed study wer2 that the valves
would not adversely effect the operation of the
present inlet control. system and that aircraft re-
sponse to a sustained opening of all the bleed
valves in one nacelle would be controllsble and
less violent than an unstart.

An analytical atudy7 was conducted to investi-
gate the effects of varying the valve physicel con-
figuration (spring rate, damping, etc.) and flight
conditions. Finally an experimental investigaticn
of prototype valves was conducted to determine the
best size for a damping orifice and to verify the
analog simulation of Ref. 7.

A tecent wind tunnel program was conducted in
the Lewis 10- by 10-Foot Supersonic Wind Tunnel to
select a suitable porous cowl-bleed pattern through
which the throat bypass airflow is removed and to
evaluate the installed performance of the valves,
The system was installed in a YF-12 aircraft inlet.
It was desired to develop a system which would pro-
vide increased tolerance to both internal and ex-
ternal airflow transients. Since present super-
sonic cruise aircraft research studies point to a
Mach 2.2 to 2,7 advanced supersonic transport,
testing in the Mach 2.5 to 2.8 range was empha-~
sized. And at these Mach numbers the YF-12 air-
craft can fly at lower altitudes where more numer-
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ous atmospheric disturbances are encountered.

i This report details the final stability eys-

tem hardware and test procedure. Some wind tunnmel
jtest results are presented which indicate the sta-
ibility limits that were achieved.

1

| U.S. customary units were used in the design

iof the valves and for recording exverimental data.
iThe units were converted to the International Sys-
tem of Units for presentation in this paper.

Apparatus
Inlet

|
|
I_

!

The inlet used in the wind tunnel tests was a
modified YF-12 aircraft inlet. It is an axisymmet-
ric mixed-compression type designed for cruise a-
bove Mach 3.0. This inlet was tested at Lewis?
prior to beiny modified for the stability system.

Fig. 1 illustrated the basic inlet features.
‘A translating spike provides capability for inlet
restart and off design Mach number operation.
-Spike boundary layer control is accomplished by a
porous bleed region. The bleed airflow passes
overboard through louvered exits at the ends of the
‘spike support struts. Cowl bieed is taken off
through the shock trap. The shock trap helps sta-
;bilize the terminal shock and provides cooling air
'for the engine nozzle. The forwsrd bypass is con-
‘trolled by the inlet control system o match inlet-
.engine airflow requirements. Excess airflow is
-discharged overboard through louvered exits. The
-aft bypass is manually operated by the pilot to aid
the forwsrd bypass in matching-inlet-engine air-
‘tlow. Unless noted otherwise, the aft bypass was
.closed during these tests. The inlet, attached to
s boilerplate nacelle containing a long cold-pipe,
was strut mounted in the wind tunnel. Additicnal
.details concerning the inlet systems, instrumenta-
tion and wind tunnel installation are givem in
Raf. 9. Campbell's paperlo also gives additional
.information regarding the F-12 series aircraft pro-
pulsion system.

Throat-Bypass Stability System

Considerable modification of the standard in-
let was required for installation of the throat-
bypass stability system. The location of the sys-
tea is shown in Fig. 1 with a more detailed sche-
matic of the final system given in Fig. 2. A band
of cowl skin just upstream of the shock trap was
replaced with porous skins to allow removal of
gtability bleed airflow. The entire band had a
40 percent porosity consisting of distributed nor-
mal holes. However, the final) bleed pattern had
a porticn of the bleed surface sealed as shown in
rig. 2. The cowling in the bleed region was modi-
fied further to provide two circumferentisl rows
of 25 compartments. [he compartments housed the
s¢lf-acting relief-type mechanical valves which
control bleed plenum exit area and hence stabilicy
bleed airflow. The aft valve compartments had &
small smount of continuous bleed £low, shown in
¥ig. 2, to improve inlet angle of attack capability
and peak recovery characteristics.

Unlike the valves of Ref. 3, the ones used in
this system do not require a regulated external
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reference pressure, This is accomplished by the
orifice in the piston face which allows air to bleed
through into the spring plenum and rz‘erence plenum.
Therefore, almost equal pressures are maintained on
both sides of the piston. The spring preload also
acts to keep the valves closed. Because of this
self-biasing feature, the valves remain closed for
slowly varying disturbances. And as will be shown
by test results, the inlet control system is able to
handle the slowly varying disturbances. If a fast
disturbance occurs, a differential pressure builde
up across the pistom, since the orifice flow is
small. When the force on the piston due to the dif-
ferential pressure (about 0.34 N/cm?) exceeds the
initial spring force plus the friction force, the
valve will open allowing bleed airflow through the
valve and overboard through louvered exits.

Another feature of these valves is a removable
shield and sensing duct (Fig. 2). It isolates the
bottom of the piston from the drop ia bleed plenum
pressure, Pp,, that occurs when the valve opens.
This drop in pressure would tend to close the un-
shielded valve. The benefit of the shield in this
application, particularly for the downstream set of
valves, is demonstrated in the Results and Discus~
sion section.

Figs. 3 and 4 are photographs of the inlet
showing the installation of the throat bypass sta-
bility system. Fig. 3 is ar interior view of the
inlet with the spike removed. Some of the porous
cowl skin was removed to expose the bleed plenum
and valves. Two of the valve pistons were held
open to show the stability bleed airflow passage
out of the inlet, One valve was removed and re-
placed by an orifice plate. Sets of different
sized orifices were used instead of the valves dur-
ing the steady-state tests to determine a good
bleed hole pattern. Also shown is one of four sym-
metrically spaced pipes that supply high pressure
air for a valve lockup system. The lockup system
allows the pilot to keep the valves locked in the
closed position. The four supply pipes are mani-
folded and valved so that all stability valves in
either row can be locked simultaneously. Fig. 4 18
an external view of the same region as that shown in
Fig. 3. Some of the louvered exits, through which
the stability bleed airflow passes overboard, were
removed to expose the mounted valves.

The aft set of valves were used primarily to
provide shock stability for airflow transients
(usually internal) which unstart the inlet by moving
the terminal shock forward ahead of the throat. The
shield sensing duct was attached to the cowl surface
just ahead of the shock trap to provide fast re-
sponse to forward shock motion. Valves in the for-~
ward plenums were intended to relieve pressure rises
in that region due to things like angle of attack
changes and reduction in inlet Mach number (upstream
or external disturbances). Such pressure rises can
cause local choking which will unstart the inlet.

Self-Acting Mechanical Valves

A valve is shown schematically in greater de-
tail in Fig. 5. It is constructed primarily of
titanium and weighs about 1 kg. The piston is
guided on the housing center post with greater
clearance between the housing and piston outside
diameter to prevent interference and binding. Leak-
age is controlled by two graphite pistor rings. The

:===iii------i-llllllllllllillII.




|

valve seat was bellmouth shaped to give the vilve a
good flow coefficient. A strain gage arrangement
was used to indicate valve piston position. Only
‘eight valves in each row, about 45° apart, were in-
strumented. The orifice between the spring and
reference plenums provides damping of piston mo-
tion, This orifice was sized during the prototype
valve tests.

Fig. 6 1s a photograph of a disassembled valve
that shows most of the features discussed above.
Additional valve details are given in Ref. 8.

Some mechanical difficulties were encountered
with the valves during the test program. When ex-
ercising the valve piston it was found that some-
times the piston would not exceed about 80 percent
of its stroke without rotating the piston. Other
times it was found that the piston would not close
fully, but would remain open about 20 percent.
This is believed to be due to distortion of the
valve housing when the valves are bolted to their
mounting. Reasons for the malfunctions have not
been completely determined at the writing of this
paper. The problems appear to be minor and are
under further investigation.

Procedure

: The initial wind tunnel testing was devoted to
‘gelecting a bleed pattern compatible with the
shielded valve. Various bleed patterns were ob-
_tained by sealing different regions of the sta-
bility bleed surface. Steady-state inlet and sta-
bility bleed performance data were obtained for
each pattern for various bleed plenum exit areas.
v.1ves were replaced by a fixed orifize on the ple-
num exit as shown in Figs. 3 and 4. To obtain
these data, inlet diffuser exit airflow was varied
by a remotely actuated plug assembly mounted at the
downstream end of the cold pipe contained in the
nacelle. The plug choked the pipe exit airflow.
Stability limits were obtained for reductioms in
diffuser exit corrected airflow and changes in
angle of attack.

The ability of the system to absorb transients
was then determined. To simulate engine airflow
transients the plug assembly was removed and the
airflow disturbance generator, shown in Fig. 1, was
installed. It was mounted at the upstream end of
the cold pipe near the compressor face station.
Arflow across the assembly was choked. The
assembly consisted of five sliding plate valves
which were hinged so that they could expand like
n umbrella., The amount of assembly expansion and
each sliding valve was remotely controlled by elec~
trohydraulic servomechanisms. Diffuser exit air-
flow transients were vbtained by pulsing the air-
flow disturbance generator valves from an open to
a closed position. A single triangular-wave pulse,
which can be transformed by Fourier analysis to ob-
tain frequency information, was used. Ramp rates
varying from slower than that required to actuate
the valves to the maximum rate of the sliding
valves were selected. At each rate the pulse
smplitude was increased until the inlet unstarted.
The maximum decrease in sliding plate valve area
that the inlet would tolerate without unstarting
was thus obtained. The area change was related to
a corrected airflow change, using steady-state
data. The airflow change was converted to a Sta-
bility Index (SI) or percent change in airflow that

the inlet would withstand (see Symbol List). These
data were obtained for the modified inlet with and
without the valves locked. Tests were also con-
ducted with a forward bypass control system which
handled transients that were too slow to actuate
the valves. These tests demonstrate how the two
systems complement each other. The forward bypass
control shown in Fig. 1 ogerates in principle like
the actual inlet control.?»10 This comtrol infers
shock position from a single static pressure. The
error in shock position is fed to a prcportional
plus integral controller which commands the forward
doors to open or close, depending on whether the
shock 18 upstream or downstream of its desired posi-
tion.

Inlet tolerance to an upstream disturbance
consisting of a transient in tunnel flow-field Mach
number and flow angularity was also tested. The
transient was introduced by rotation of a hinged
plate mounted on the tunnel floor at the tunmel
geometric throat station. A schematic and photo-
graph of the gust generator device are shown in
Fig. 7. The device is similar to one used previ-
oualy,ll but has provisions to permit remote opera-
tion. The plate was initially held in a vertical
position by a latching mechanism. In this position
the plate generates a shock wave that is reflected
down the tunnel. When the plate is released, it
falls through a 90° arc, changing the reflected
shock position and strength.

Results and Discussion

Steady-State Diffuser Exit Airflow Disturbances

The stahility bleed airflow characteristics and
inlet performance for the final bleed pattern are
shown in Fig. 8 for a free-stream Mach number of
2.47. The bleed pattern was not optimized to give
the best possible performance for internal disturb-
ances as in Ref, 3. Rather, it was selected because
it gave adequate results to allow demonstration of
both upstream and downstream valve operation under
simulated flight conditions. In addition, the inlet
with the valves locked closed gave performance about
the same as, or bettsr than, the standard in.et (no
stability bleed) at Mach 2.1 and above.

Data for the stability bleed characteristics
are shown in Fig. 8(a). The plot with bleed plenum
pressure recovery Pp,/Pg shows the maximum poten-
tial that can be obtained without the shield on the
valve., Maximum potential of the shielded valve is
tllustrated by the plot with sensing duct pressure
recovery Psd/Po. The valve characteristics cannot
be included on these plots because they do not op-
erate for slowly changing disturbances.

Data for each solid curve represents a fixed
bleed plenum exit area and were obtained by varying
diffuser exit airflow. The bleed plenum exit areas
ranged from 0 to 107 percent of the full open valve
geometric area of 53.4 square centimeters. The
minimm bleed operation lines correspond to super-
critical operation (terminal shock downstream).
Maximum bleed airflows were obtaiped at minimum
stable or peak recovery conditions. A maximum
stability bleed mass-flow ratin or about 0,05 was
obtained. The supercritical tleed mass-flow ratio
with the valves closed was only 0.005.

The stability bleed performance maps demon-
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strate rne advantage OI usiug the shielded type
valve. Consider the unshielded valve first. When
the YF-12 is flying at Mach 2.47 at a typical alti-
tude, an increase of 0.03 in bleed plenum recovery
Ppa/Pg would be required to start the valve open.
Therefore, starting at the operating point indi-
cated by the solid symbol, the valves would not
start open until P, /Py reaches a value of about
0.37. Assuming no additional increase im Ppa/Pp
is required to open the valve, the maximum sta-
bility bleed mass-flow ratio that could be achieved
18 about 0.04. In actuality, some additional in-
crease in P a/Po is required to open the valve.
Therefore, :Re maximum stability bleed mass-flow
ratio would be less than 0.04, Now consider the
shielded valve. The same increase in sensing duct
"pressure recovery is required to open the shielded
valve. 1In this case, however, the maximum value
of Pgq/Pg increases with increasing mess-flow
ratio instead of decreasing as for Pp,/Pg. Thus,
the shielded valve will provide the maximum pos-
sible stability bleed airflow. Also, the data for
valves closed indicate that the available change
in pressure recovery to open the valve is more than
1x times greater for the shielded valve (0.36 to
0.49 for Pgq/Pg versus 0.34 to 0.42 for By /Bg).
This could be important at higher altitudes wﬁere
an increase in recovery greater than 0.03 would be
required to open the valve. Also, it might be de-
sired to operate the inlet at a higher efficiency
(higher pressure recovery) which would decrease the
margin in plenum pressure recovery available to
open the valve.

' The actual stability attained for the Mach
2.47 conditions can be determined from the inlet
-performance map (Fig. 8(b)). The pressure recovery

. and mass-flow ratio terms have been normalized by

dividing by their values at the operating point for
the transient tests. Thus the coordinates of the
solid symbols are 1.0, 1.0. If total temperature
418 assumed to remain constant, an alternate equa-
tion for stability index, SI, can be obtained by
manipulation of the equation in the Symbol List:

w,/mg - B, /B, 1
< OP<mins °P~mins)

Therafore, Fig. 8(b) shows that the maximum SI 1is
14.3 for a valve area of 107 percent. With the
valves closed the SI is about 4.5 percent. Thus,
the net gain due to the valves opening will be
sbout 10 percent.

A small part of the stability results from the
increase in total pressure recovery as the termiral
shock moves forward, But most of the stability re-
sults from the increase in mass-flow that 1s by-
passed. It should be noted that bleeding ahead of
the shock trap vesulted in increased shock trap
flow, which also contributed to the increase in
stabilicy.

Similar steady-state results were obtained at
Mach 2.76 as shown by the data in Fig. 9. In that
case the maximum SI was 12.6 percent; and with the
valves closed, about 5 percent.

Transient Diffuser Exit Airflow Disturhances

Inlet tolerance to diffuser exit corrected
airflow transients {s shown in Fig. 10 for a Mach

aumber Or <.4/. A CTYpicai aisturbance pulse is
{llustrated in the figure. The results are plotted
as stability index, SI, against a normalized dias-
turbance rate, NDR. The disturbance rate is the
absolute ramp rate or time rate of change of the
pulse in diffuser exit corrected airflow., The dis-
turbance rate is converted to NDR by multiplying by
100 over the operating point value of the diffuser
exit corrected airflow. Thus NDR is the percent
change in diffuser exit corrected airflow per sec-
ond. As NDR in:reases, the airflow is changing
more rapidly and the disturbance has higher fre-
quency content.

Data for Mach 2.47 are shown in Fig. 10 for
the inlet with the stability valves locked closed,
with the valves operating and with the valves and
the forward bypass control operating. As expected
the inlet has the least tolerance when neither the
valves or the forward bypass is operating (circle
symbols). However, inlet stability does increase
from about 6.5 to 14 percent at the highest NDR,
because the inlet volume is able to absorb a larger
disturbance as the disturbance rate increases.
when the valves are operating there is no improve-
ment in inlet stability below a NDR of about 4 be-
cause the disturbance rate is too slow to open the
valves. iHowever, as NDR increases, the valves
open, increasing inlet stability by about 7 percent
more than with the valves closed. This is slightly
less than the increase predicted by the 3teady-
state data of Fig. 8. This discrepancy may be
pertly due to the larger maximum exit area used
during the steady-state tests. The capability of
the forward bypass is exceeded at a NDR of about
40 percent/sec. Above 40 only the stability valves
provide the increase in inlet stability. Between %
and 50 Lhe vaives cuhance the capability of the
forward bypass contrel system. Below a NDR of 4 the
forward bypass system provides large amounts of
stability where the disturbance rates are too slow
to open the valves. If desired the amount of over-
lap of the two systems could be adjusted by chang-
ing the response of the forward bypass control sys-
tem or the valves. For example, a slower bypass
system could be used or the valve response could te
changed by varying the reference orifice size,

The stability that would be provided by the
forward bypass system is actually less than that
shown in Fig. 10. The reason for this is that
these tests were conducted with the forward bypass
initially closed to make it easier to relate the
airflow disturbance generator area change to a cor-
rected airflow change. In flight at Mach 2,47 the
forward bypass would be partially open. It would
therefore reach its maximum flow area for a smaller
disturbance. The corresponding steady-state sta-
bility that would be provided by the forward bypass
control under these conditions is about 20 percent.
Stabiiity data were also obtained for the standard
inlet (without porous cowl bleed) but are not shown
in Fig. 10, In general, the standard inlet sta-
bility was 3 to 4 percent less than the modified
{nlet with the valves locked closed.

Similar transient results were obtained at
Mach 2.76 as shown by the data in Fig. 11. The
valves appear to begin working at slightly lower
NDR than at Mach 2.47. This could be due to a
higher free-stream total pressure at Mach 2.76.
The valves again provide an additional stability of
7 percent - about the same as that indicated by the
steady-state data of Fig. 9.




The data with the torward oypass contros opera-
tional indicate that the control is effective to a
higher NDR than at Mach 2.47. This could be due to
the higher gain of the pressure feedback signal to
diffuser exit airflow which results in a higher
‘control loop gain. The actual inlet control ad-
'Justs the controller gain to compensate for this,
‘but the control used in these tests did not. The
steady-state stabil!ty that would be provided by
the forward bypass control under flight conditions
is 19 percent. The standard inlet stability was

1 to 2 percent less than the modified inlet with
the valves locked.

Angle of Attack and Mach Number Disturbances

Steady-state data showing the inlet tolerance
to angle of attack at Mach 2.47 is given in
Fig. 12, These data were taken with fixed exits,
The data indicate that the inlet would have an
angle of attack capability of about 2° with the
valves locked closed. When the valves are opera-
tional, this is more than enough angle of attack
capability to give the necessary increase in bleed
Plenum pressure rucovery (about 0.03) to open the
valves. As can be seen from Fig. 12, relatively
small valve openings allow quite large angle of
attack capabilities. It should be remembered that
if a change in angle of attack occurs too slowly,
the valves will not open. However, those disturb-
ances should be handled by the inlet spike control.

f The inlet tolerance to the disturbance created

by the wind tunnel gust generator is shown in

Figs. 13 and 14. For the transient of Fig. 13 the
initial Mach number and flow angle at the spike tip
were 2,55 and 0°, respectively. The gust generator
created a change of about 0.15 in Mach number and
2.4° 1a ungle of attack. The change in conditions
occurred in about 0.025 second. The valve trace
shows the valve opens about 25 percent and then
#tarte to dritt closed. This demonstrates the
transient operating nature of the vaives. Only one
other upstream valve and no downsi:rcan valves were
observed to open during the transient. (Recall
that only 8 valves in each row are instrumented.)
About 1.25 saconds after the disturbance occurs,
the inlet unstarted as shown by the sharp drop in
bleed plenum and cowl surface static pressures.
(The cowl pressure is at the same axial location as
the forward valves.) The noise observed on the
valve position trace after unstart, is believed to
be due to excitation of a resonance éomewhere in
the strain gage getup, and not to actual piston
motion, The inlet unstarted in 0.3 second for the
same disturbance when all the valves were locked
closed, A l-centimeter spike translation was re-~
Quired to prevent the inlet from unstarting. The
1.25 seconds should be adequate time for the inlet
spike control system to act to prevent unstart, but
the 0.3 second would be marginal,

A second transient is shown in Fig. 14, in
which the initial Mach number and flow angle were
2.68 and 0°, All instrumented upstream valves and
2 downstream valves were observed to open for this
disturbance. The typical upstream valve trace
shows the valve opening about 30 percent and then
drifting closed. Just prior to unstart the inlet
went into an unexplained unstable oscillation vis-
ible in the pressure traces. The inlet unstarted
about 1.68 -econds after the disturbance occurred.
With all va'ves locked closed, the inlet unstarted
in less than 0.1 second. In this case a spike

translation of 4 centimeters was required to pre-
vent inlet unstart. At the maximum spike travel
rate, this travel would require more than 0.3 sec~-
ond. Thus, without the valves operating, the inlet
spike control system would be incapable of compen-
sating for the disturbance.

: Sumary of Results

A throat bypass stability system in a YF-12
aircraft inlet was demonstrated by wind tunnel
testing. The system concept should be suitable
for flight testing on a NASA YF-12 research air-
craft. Stability bleed airflow is removed through
& porous bleed region just ahead of the inlet shock
trap. 7Two circumferential rows of relief-type me-
chanical valves control bleed plenum exit area and,
hence, bleed airflow. The valves have a shield and
duct which sense an actuating pressure rather than
being actuated directly by the bleed plenum pres-
Sure. Such an arrangement provides better valve
response to airflow disturbances in this applica-
tion. By design, the valves do not open for slowly
varying disturbances to eliminate the need for an
external, regulated reference pressure. A lockup
system allows the pilot to lock all valves closed
in either row.

The inlet was subjected to single triangular
wave pulses in diffuser exit corrected airflow at
Mach numbers of 2.47 and 2.76. The aft valves per~
mitted additional decreases in airflow of up to
7 percent of the operating point airflow, at rates
faster than can be handled by the inlet forward by-
pass control system. Since the forward bypass con-
trol system handles disturbances that are too slow
to actuate the valves, the two systems were found
to complemunt each other quite well.

The inlet was also subjected to a disturbance
consisting of a decrease in Mach number and an in-
crease in angle of attack produced by a tunnel
gust generator. For this type of disturbance, the
forward valves relieve pressure rises that could
result in local choking and inlet unstart. It was
found that the valves kept the inlet started long
enough for the inlet spike control system to have
prevented unstart. With the valves locked closed,
the inlet unstarted rapidly and would not have
glven sufficient time (or at best, would have been
marginal) for the inlet control system to act.

Some minor mechanical diffficulties were en-
countered with the valves. These problems do not
appear to be serious and are under further inves-
tigation,
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Symbol List
FBY forward bypass
{ EM Mach number
'‘n wass flow rate, kg/sec
En/§76 correctead airflow, kg/sec
: 'NDR normalized disturbance rate,
i ; NDR = SI/(At/2), percent/sec
?_ ﬁ? total prassure, N/cm?
E ST stability index,
| ST = 41 - [(m—‘@)m /(!5_’9') ] x 100,
" 8/ opd,
' percent
At trisngular wave pulse width, sec
‘o angle of attack, deg
LG ratio of local total pressure to standard
: sea level pressure
?9 ratio of local tctal temperature to stand-
; ard sea level temperature
iSubscripts:
ba bleed plenum-aft compartment (Fig. 2)
%bf bleed plenum-forward cumpariwent (Fig. 2)
- fic flight condition
mins pinimun stable (Just before undtart) oper-
' ation
op operating point conditions for transient
tests
ad shielded valve sensing duct (Fig. 2)
4] free-stream conditions
2 diffuser exit (compressor face) station

———— e e
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6.

7.

8.

9‘

10.

11,
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Figure 5. - Details of stability system relief valve.
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Figure 6. - Disassembled stability system relief valve,
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(a) Schematic showing location and size of gust generator.

Figure 7. - Details of gust generator in 10* x 10' Supersonic Wind Tunnel,
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